Summary Conventional imaging techniques are of limited value in identifying small liver metastases. Indirect methods of measuring blood-flow have shown that metastases may be associated with subtle changes in liver blood-flow. Doppler ultrasonography has the ability to measure liver blood-flow directly. In this study, the role of duplex sonography in the detection of hepatic metastases was evaluated. Hepatic arterial and portal venous blood-flows were In 1983, Parkin and colleagues suggested that changes in liver blood-flow occurring in patients with intra-hepatic tumour could be measured indirectly by dynamic scintigraphy. They described an increase in the ratio of hepatic arterial: total liver blood-flow in patients with overt hepatic metastases. However, this technique has not been widely used in clinical practice because of difficulties in interpretation and reproducibility (Laird et al., 1987) .
Post-mortem studies have shown that up to 70% of patients dying after a potentially curative resection for colorectal cancer, die with liver metastases. Comparative studies of conventional imaging techniques including isotope scanning, ultrasonography and computerised tomography have shown these to be effective in diagnosing overt disease (Schreve et al., 1984) , but their capacity to detect small metastases is limited.
In 1983, Parkin and colleagues suggested that changes in liver blood-flow occurring in patients with intra-hepatic tumour could be measured indirectly by dynamic scintigraphy. They described an increase in the ratio of hepatic arterial: total liver blood-flow in patients with overt hepatic metastases. However, this technique has not been widely used in clinical practice because of difficulties in interpretation and reproducibility (Laird et al., 1987) .
In contrast, duplex sonography has the capacity to measure liver blood-flow directly. In this study, the crosssectional area and velocity of blood-flow within the hepatic artery and portal vein were measured and blood-flow calculated. This technique is less invasive, independent of hepatic function and can be more readily standardised.
The aim of this study was to assess the value of duplex sonography in the detection of colorectal liver metastases. The mean DFR was 0.15 ± 0.09 (Figure 1 ) and the mean DPI was 0.13 ± 0.07 (Figure 2) .
In the 19 patients with overt hepatic metastases, the mean cross sectional area of the hepatic artery was 39.9 21.4 mm2, and the mean velocity was 49.4 ± 17.6cm s-. The mean hepatic arterial flow was 1089 ± 481 ml min-'. The mean cross-sectional area of the portal vein was 113.0 ± 27.3 mm2 and the mean velocity was 14.5 ± 4.7 cm s-'. The mean portal blood-flow was 1024 ± 510 ml min-'. The mean DFR was 1.23 ± 0.61 (Figure 1 ) and the mean DPI was 0.52 ± 0.13 (Figure 2) .
The results of the group of patients with an apparently disease free liver at laparotomy overlapped those of the other groups (Table I, Figure 2 ). Hepatic arterial cross sectional area and blood velocity were thus significantly higher in patients with overt metastases when compared with control subjects (P<0.0005). The group with liver metastases had significantly greater hepatic blood-flow (P<0.001) than the control group, but significantly lower portal venous flow (P<0.001). The difference between DFR and DPI of control subjects and patients with hepatic metastases was also highly significant (P<0.001). All patients with overt liver metastases from colorectal cancer had DFR values greater than 0.33, and DPI values greater than 0.25 (Figure 2) .
Hepatic arterial flow was increased and portal venous flow reduced in females when compared with males, although only the former was significant (P<0.03). DFR and DPI values were both significantly higher in females than males (P<0.01). None of the measurements of liver blood-flow correlated with age.
Measurement of DFR and DPI was repeated on a subsequent occasion (between I and 14 days later) in six of the control patients. The mean difference in DFR was 0.024, while the root mean square difference was 0.031. The mean difference in DPI was 0.018, while the root mean square difference was 0.023. Recent developments in ultrasound pulsed Doppler flowmetry have allowed the development of the non-invasive technique for direct measurement of flow velocity in major blood-vessels described here. However, it is recognised that there are potential sources of error in the assessment of blood-flow using these methods. Estimation of the cross-sectional area is one source of inaccuracy. Error may be incurred when outlining the vessel perimeter. However, it is likely that the errors were randomly distributed in this study, and a large number of observations minimised this. There may also be a numerical error from the given grid for calculating vessel cross-sectional area, but again, a large number of circumferential mappings ensured that the error was small.
Other sources of error include measurement of the angle between the Doppler beam and the vessel central axis, but this was minimal. Errors can also result from Doppler ultrasound attenuation caused by the tissue between the vessel of interest and the probe and non-uniform insonation of the vessel of interest. However, these factors are likely to have been constant within each individual, and would cancel with calculation of the ratios to some extent.
Despite these potential sources of error, the DPI and DFR produced clear separation of the control and overt hepatic metastases patients. The upper limit of normal range in our study for DFR was 0.15 for males and 0.33 for females. The upper limit of normal range in our study for DPI was 0.13 for males and 0.25 for females.
It may be that DFR and DPI have the potential to detect metastases below the limits of conventional imaging techniques.
Within The results obtained in the third group those with apparently disease-free livers at laparotomy were intriguing. It is well recognised that despite ain apparently curative resection, 40-50% of patients die within 5 years of surgery. We have previously shown that approximnately a quarter of these patients had occult hepatic metastases. undetected by the surgeon at the time of laparotomy (Finlay & McArdle, 1986) . Furthermore, the presence or absence of these occult hepatic metastases aibsolutely predicts the likelihood of dying from disseminated disease. Leveson and colleagues (1983) , in their early study of dynaimic scintigraphy, had a similar group of patients, some of which had an abnormal hepatic perfusion index. The majority of these subseqLuently developed overt hepatic disease. Clearly, in this study, it would be interesting to ascertain whether with time, those with abnormal DPI and DFR values will similarly develop overt disease.
The mechanism behind the changes in liver blood-flow which are associated with the presence ot' colorectal liver metastases is unknown. Similar observaitions to those reported here have been described in experimental models of' hepatic metastases (Nott et (il., 1989) . It is possible that the fall in portal venous blood-flow mlay be due to a circulating humoural agent which causes relative vasoconstriction throughout the splanchnic bed. The rise in hepatic arterial flow might result from the reciprocal relationship between portal venous and hepatic arterial blood-flow observed in non-tumour bearing animal models and man (Mathie cit al., 1980) . Alternatively, the rise in hepatic arteriall flow might be due to hepatic arterially-based angioneogenesis associated with liver metastases leading to a reduction in hepatic arterial resistance.
We conclude that ratios of' liver blood-flow measured by duplex sonography may be of' value for earlier detection of hepatic metastases. Follow-up of prospectively studied patients undergoing potentially curative resection for colorectal cancer with determine the role of this technique in clinical practice.
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